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PROBLEM TO BE SOLVED: To produce an SiC single crystal reduced in 
micropipes exposed on the surface and lamination defect and provide a 
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SOLUTION: In the growth of the SiC single crystal, an SiC crystal 40 is 
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vector obtained by projecting its normal vector to the {0001} face and a 
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* NOTICES'* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The growth approach of the SiC single crystal characterized by growing up a SiC single crystal on the 
seed crystal with which the include angle beta of the vector and the <11-20> direction which it is the approach 
of growing up a SiC single crystal, and only the include angle alpha (20 degrees < alpha< 60 degrees) shifted to 
{0001} sides, and projected the normal vector on [0001} sides to make consists of a SiC single crystal to which 
the field which is less than 15 degrees was exposed. 

[Claim 2] Said include angle alpha is the growth approach of the SiC single crystal according to claim 1 
characterized by 25-degree or more being 55 degrees or less. 

[Claim 3] Said include angle beta is the growth approach of the SiC single crystal according to claim 1 or 2 
characterized by being less than 10 degrees. 

[Claim 4] It is the growth approach of a SiC single crystal any or given in 1 term among claims 1 - claims 3 
which are characterized by installing said seed crystal in the crucible made from a graphite, making SiC raw 
material powder sublimate within said crucible, and making said SiC single crystal recrystallize on said seed 
crystal. 

[Claim 5] It is the growth approach of a SiC single crystal any or given in 1 term among claims 1-3 characterized 
by installing said seed crystal in a fission reactor, and growing up said SiC single crystal on said seed crystal by 
the chemical-vapor-deposition method in said fission reactor. 

[Claim 6] The SiC single crystal characterized by being grown up among claim 1 — claim 5 by the growth 
approach of a SiC single crystal any or given in 1 term. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the SiC single crystal suitable for semi-conductor electronic 

parts etc., and its growth approach. 

[0002] 

[Description of the Prior Art] In recent years, research of the compound semiconductor which consists of light 
elements, such as silicon carbide (SiC) or gallium nitride (GaN), is prosperous. It is the description that its 
binding energy is strong since this compound semiconductor consists of light elements, consequently the 
forbidden-band width of face (band gap) of energy, dielectric-breakdown electric field, and thermal conductivity 
are large. And SiC attracts attention as an ingredient for ultraviolet luminescence devices taking advantage of 
the description of this wideband gap from efficient and a quantity proof-pressure power device, a high frequency 
power device, an elevated-temperature actuation device, or blue especially. However, since binding energy is 
strong, training of the bulk crystal by recrystallization of the melt which does not dissolve even if it makes it an 
elevated temperature in atmospheric pressure, but is used with other semi-conductors, such as silicon (Si), is 
difficult for the compound of SiC. 

[0003] the so-called advanced Rayleigh carried by the Japanese Patent Publication No. No. 48792 [ 59 to ] 
official report, and JP,2-30699,A as an approach of growing up a bulk-like SiC single crystal — law is known. 
This advanced Rayleigh method installs the seed crystal which becomes a crucible made from a graphite from a 
SiC single crystal, makes raw material SiC powder sublimate under a reduced pressure ambient atmosphere 
further, and makes the SiC single crystal of the purpose scale recrystallize on seed crystal. 
[0004] In the so-called sublimating methods including this advanced Rayleigh method, the SiC single crystal 
substrate to which {0001} sides were mainly exposed is used as that seed crystal. However, since the defect 
prolonged in the <0001> shaft orientations of a micro pipe reached on the surface of a single crystal when 
growing up a SiC single crystal using the SiC single crystal substrate whose field bearing is {0001}, when the 
component was produced using this SiC single crystal, there was a case where leakage current etc. occurred. 
[0005] As a technique for solving the problem about this micro pipe, the growth approach of the SiC single 
crystal carried by for example, the patent No. 2804860 official report is learned. As seed crystal, the SiC single 
crystal to which the crystal face where only the include angle alpha of 60 degrees - 1 20 degrees shifted from 
{0001} sides was exposed is used for this approach, and the SiC single crystal to which the {1-100} side and {11- 
20} side were exposed is more preferably used for it. If such seed crystal is used, the micro pipe which reaches 
on the surface of a single crystal can be decreased. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there were the following problems in the growth approach 
of the SiC single crystal carried by the patent No. 2804860 official report Namely, as the artificers of invention 
indicated by this official report have stated in a FIJIKA status solid (b) and (No. 202 163 pages - and 175-page 
1997) When using the SiC single crystal which the {1-100} side or {1 1-20} side exposed as seed crystal Although 
control of a crystal polymorphism was completed and the attainment to the front face of a micro pipe could be 
controlled, there was a problem that the stacking fault (stacking fault) of high density was exposed to the front 
face of a SiC single crystal. In case this stacking fault grows up a crystal, it spreads in the shape of a field, and 
when this stacking fault produces a component using the SiC single crystal exposed to the front face, it has a 
possibility that leakage current etc. may occur as well as the case where the SiC single crystal which the micro 
pipe exposed to the front face is used. 

[0007] This invention is made in view of this situation, and aims at offering the SiC single crystal with which the 
micro pipe and stacking fault which are exposed to a front face were reduced, and its growth approach. 
[0008] 
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[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention is the 

approach of growing up a SiC single crystal. Only an include angle alpha (20 degrees < alpha< 60 degrees) shifts 

to {0001} sides. It is characterized by growing up a SiC single crystal on the seed crystal with which the include 

angle beta of the vector and the <11-20> direction which projected the normal vector on {0001} sides to make 

consists of a SiC single crystal to which the field which is less than 15 degrees was exposed. 

[0009] According to the growth approach of the SiC single crystal concerning this invention, the stacking fault 

which spreads by using the seed crystal to which such a field was exposed in a field perpendicular to the micro 

pipe prolonged in the <0001> directions or this <0001> direction can control the situation where arrive at the 

side face of a SiC single crystal, and a micro pipe and a stacking fault arrive at a front face. 

[0010] Moreover, as for an include angle alpha, it is desirable that it is [ 25 degree or more ] 55 degrees or less, 

and, as for an include angle beta, it is desirable that it is less than 10 degrees. 

[0011] Furthermore, in the growth approach of the SiC single crystal concerning this invention, it is desirable to 
install seed crystal in the crucible made from a graphite, to make SiC raw material powder sublimate within 
crucible, and to make a SiC single crystal recrystallize on seed crystal. Moreover, seed crystal may be installed 
in a fission reactor and a SiC single crystal may be grown up on seed crystal by the chemical-^apor-deposition 
method in a fission reactor. 
[0012] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, the suitable operation 
gestalt of the SiC single crystal concerning this invention and its growth approach is explained to a detail. In 
addition, although the direction of a grid and lattice plane of a crystal may be used by explanation of an 
operation gestalt and an example, the notation of the direction of a grid and a lattice plane is explained here. 
Individual bearing is made for () and a set side to show □ and set bearing by < >, and to show an individual side 
by 0, respectively. Moreover, about a negative characteristic, on crystallography, although (bar) is to be 
attached on a figure, a negative sign will be attached before a figure on account of specification creation. 
[0013] Drawing 1 is the sectional view showing the crystal growth equipment 2 for growing up the SiC single 
crystal of this operation gestalt. the coil 8 of a water cooling type with which crystal growth equipment 2 
surrounds the heat-shield member 6 which prevents that the crucible 4 made from the graphite for mainly 
growing up a SiC single crystal inside and the heat of crucible 4 are emitted to the exterior, and this heat-shield 
member 6. and the high frequency coil 10 for heating crucible 4, while being wound around the perimeter of a coil 
8 — since — it is constituted. Moreover, the gas installation tubing 1 2 for introducing inert gas, such as argon 
gas, is inserted in the summit section of a coil 8, and the gas exhaust pipe 14 for discharging inert gas outside is 
inserted in the pars basilaris ossis occipitalis of a coil 8. 

[0014] the hold section 16 which holds the raw material 15 which crucible 4 makes the shape of a closed-end 
cylindrical shape, and consists of SiC polycrystal, the covering device 18 which closes up opening of this hold 
section 16, and the seed crystal arrangement section 20 by which seed crystal 30 was fixed to the base while 
being attached in the covering device 18 — since — it changes. 

[0015] Here, with reference to drawing 2 , the seed crystal 30 of this operation gestalt is explained. As shown in 
this drawing, only an include angle alpha (alpha= 54.7 degrees) shifts to (1 {0001}) side as seed crystal 30. And 
field 30u from which the (2) [11-20] which is vector [ which projected the normal vector X on {0001} sides ] Y, 
and one of <the 11-20> direction becomes parallel. The SiC single crystal of 4H mold polytype (the crystal 
structure from which "H" serves as hexagonal system by four layers, and, as for "4", an atomic laminating 
serves as a round term is meant) which ******(ed) is used. 

[0016] Next, the growth approach of a SiC single crystal is explained with reference to drawing 1 - drawing 4 . 
[001 7] After installing the crucible 4 which held a raw material 1 5 and seed crystal 30 in a coil 8, evacuation of 
the inside of a coil 8 is carried out for about about 1 hour, next from the gas installation tubing 12, inert gas is 
introduced and the inside of a coil 8 is made into ordinary pressure (about 1.013x105Pa). And after carrying out 
evacuation of the inside of a coil 8 about about 10 minutes again, from the gas installation tubing 12, inert gas is 
introduced and the inside of a coil 8 is again made into ordinary pressure (about 1.01 3x1 05Pa). 
[0018] After the above activity is completed, it is begun with a high frequency coil 10 to heat crucible 4. Under 
the present circumstances, while making temperature of crucible 4 into about 2000 degrees C, a temperature 
gradient is given so that only about 50 degrees C of temperature of seed crystal 30 may become low rather than 
the temperature of a raw material 15. The pressure in a coil 8 is reduced to coincidence to about 5.3x1 02Pa. 
The raw material 15 which consists of SiC polycrystal can sublimate by this, the gas of a raw material 15 can 
reach seed crystal 30, and as shown in drawing 3 , the SiC single crystal 40 of 4H mold polytype with a diameter 
of about 2 inches can be grown up on surface (exposure) 30u of seed crystal 30. In addition, in drawing 3 , in 
order to make an understanding of invention easy, the SiC single crystal 40 is located above seed crystal 30, but 
in practice, the SiC single crystal 40 grows under the seed crystal 30 so that drawing 1 may show. 
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[0019] Here, with reference to drawing 3 , it explains like the growth fault of the SiC single crystal 40 in full 
detail. Usually, it faces growing up a SiC single crystal, and the stacking fault which spreads in the micro pipe 
prolonged in the <0001> directions and a field perpendicular to the <0001> directions is included inside a SiC 
single crystal in many cases. And when many micro pipes and stacking faults produce a component using the SiC 
single crystal exposed to the front face, there is a possibility that leakage current etc. may occur. 
[0020] Only an include angle alpha (alpha= 54.7 degrees) shifts to (1 {0001}) side like this operation gestalt here. 
And if the seed crystal 30 to which the field where the (2) [11-20] which is vector [ which projected the normal 
vector X on {0001} sides ] Y. and one of <the 1 1-20> direction becomes parallel was exposed is used Surface 
30u of seed crystal 30 will have the inclination of about 35.3 degrees to the <0001> directions where the micro 
pipe 42 (the alternate long and short dash line in drawing shows) is prolonged. For this reason, if the SiC single 
crystal 40 is grown up to some extent, the micro pipe 42 can control the situation where arrive at 40s of side 
faces of the SiC single crystal 40, and the micro pipe 42 reaches surface 40u. Moreover, surface 30u of seed 
crystal 30 has the inclination of about 54.7 degrees to the field where a stacking fault 44 (a drawing destructive 
line shows) spreads, i.e., a field perpendicular to the <0001> directions. For this reason, if the SiC single crystal 
40 is grown up to some extent, a stacking fault 44 can control the situation where arrive at 40s of side faces of 
the SiC single crystal 40, and a stacking fault 44 reaches surface 40u. 

[0021] Moreover, when a field (0001) carries out crystal growth using the seed crystal which appeared in the 
front face as shown also in the paper of Sugiyama and others of the 423 proceeding 583 pages of the 
symposium of material research SOSAIATI in 1996, the <11-20> direction has a quick growth rate compared 
with the <1-100> direction, and the obtained crystal becomes an inclination used as the hexagonal prism with 
which the <11-20> direction became **. It is thought that such a phenomenon is produced by difference of the 
joint hand of Si atom which appears in a front face, and C atom. And since the joint hand of Si atom and C atom 
is different in this way, the rate to which the micro pipe 42 and a stacking fault 44 extend toward 40s of side 
faces of the SiC single crystal 40 by making Vector Y parallel with the [11-20] direction increases, and it is 
thought that the micro pipe 42 and stacking fault 44 which are exposed to surface 40u of the SiC single crystal 
40 as shown in the below-mentioned example decrease. 

[0022] In addition, an include angle alpha is not restricted to 54.7 degrees, but should Just fill 20 degrees < 
alpha< 60 degrees. As the below-mentioned example also shows, at 20 degrees or less, the micro pipe 42 does 
not escape [ an include angle alpha ] on 40s of side faces of the SiC single crystal 40, but an include angle alpha 
is for a stacking fault 44 not to escape on 40s of side faces at 60 degrees or more. Moreover, since a micro pipe 
may not necessarily restrict extending in the <0001> directions but may be somewhat prolonged with an 
inclination as shown in the physical status (solid b) 202-volume five pages in 1997, an include angle alpha is 
preferably good to make it 25 degrees or more 55 degrees or less. If an include angle alpha is made into such 
range, the micro pipe 42 and a stacking fault 44 can raise possibility of arriving at 40s of side faces of the SiC 
single crystal 40. 

[0023] Moreover, as shown in drawing 4 , Vector Y and the [1 1-20] direction do not necessarily need to be 
parallel, and the include angle beta between both should just be less than 15 degrees. If an include angle beta is 
less than 1 5-degree extent, the rate to which the micro pipe 42 and a stacking fault 44 extend toward 40s of 
side faces of the SiC single crystal 40 increases, and the situation where these defects arrive at the front face 
of the SiC single crystal 40 can be prevented effectively. Furthermore, if an include angle beta is less than 10 
degrees, it can reduce defect density further, so that the below-mentioned example may also show. In addition, 
although between Vector Y and individual bearings [11-20] is made into the include angle beta with this 
operation gestalt, it is good also considering between other individual bearings included in the set bearing <11- 
20> as an include angle beta. 

[0024] In addition, although the above-mentioned operation gestalt explained the case where a SiC single crystal 
was grown up by the so-called sublimating method, a SiC single crystal may be grown up on the seed crystal in a 
fission reactor by the so-called chemical-vapor-deposition method. 
[0025] 

[Example] The SiC single crystal and its growth approach of this invention are further explained concretely 
based on an example. 

[0026] In the [example 1] example 1, beta= 0-degree 4 H-SiC single crystal was used at the include angle of 
alpha= 24 degrees as seed crystal 30. And inert gas was introduced in the coil 8, the pressure was held to about 
1.013x105Pa, and while making temperature of a raw material 15 into about 2300 degrees C, temperature of seed 
crystal 30 was made into about 2170 degrees C. Thus, by performing a temperature setup by ordinary pressure, 
it can prevent that a bad crystalline crystal grows. Then, the pressure in a coil 8 was lowered to 5.3x1 02Pa, and 
bulk growth of the SiC single crystal 40 with a diameter of 2 inches was carried out on seed crystal 30. The 
growth rates at this time were about 0.7 mm/h. 
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[0027] Thus, when Raman spectroscopic analysis of the obtained SiC single crystal 40 was carried out, it 
became clear that the whole front face was 4H mold. Furthermore, after slicing the bulk of the SiC single crystal 
40 with a thickness of about 330 micrometers in the shape of a wafer, by the diamond wheel, polish processing 
was performed and the front rear face of a wafer was made into the shape of a mirror plane. The whole front 
face of the wafer of this SiC single crystal is homogeneous, and viewing showed that neither polycrystaHzing 
from an edge nor polymorphism-ization of a crystal had taken place. Furthermore, when etching processing was 
performed and evaluated to the wafer using the melting potassium hydroxide, the micro pipe and the stacking 
fault were not observed on the surface of the wafer. 

[0028] In the [example 2] example 2, beta= 5-degree 6 H-SiC single crystal was used at the include angle of 
alpha= 30 degrees as seed crystal 30. And the pressure in a coil 8 was held to about 3.99x1 03Pa, while making 
temperature of a raw material 15 into about 2400 degrees C, temperature of seed crystal 30 was made into 
about 2350 degrees C, and bulk growth of the SiC single crystal 40 with a diameter of 2 inches was carried out 
on seed crystal 30. The growth rate at this time was 0.7 mm/h. And like the example 1, the bulk of the SiC single 
crystal 40 was sliced, the wafer was produced, and when etching processing was performed and evaluated to 
this wafer, the micro pipe and the stacking fault were not observed. 

[0029] Furthermore, when it changed 5 degrees of include angles alpha at a time and the defect density of a SiC 
single crystal was investigated, making an include angle beta regularity (0 degree), the result as shown in the 
following table 1 was obtained. In evaluation of defect density, all the defects of the shape of the shape of a hole 
which etched for 10 minutes and appeared with the 500-degree C melting potassium hydroxide, the shape of a 
muscle, and a wedge were taken into consideration. In addition, 4 H-SiC was used for seed crystal. 
[Table 1] 
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[0030] The include angle alpha was larger than more than 25 degree (experiment 6), i.e., 20 degrees, and Table 1 
showed that defect density could be reduced remarkably below at 55 degrees (experiment 1 2), at i.e., the time of 
less than 60 degrees. 

[0031] Next, when it changed 5 degrees of include angles beta at a time and the defect density of a SiC single 
crystal was investigated, making an include angle alpha regularity (30 degrees), the result as shown in the 
following table 2 was obtained. In addition, 4 H-SiC was used for seed crystal. 



[Table 2] 
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[0032] Table 2 showed that an include angle beta could reduce defect density remarkably at the time of less 
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than 15 degrees (experiment 4) and less than 10 more degrees (experiment 3). 

[0033] In the [example 3] example 3, the SIC single crystal was grown up on this seed crystal by the chemical- 
vapor-deposition method (CVD method), using the SIC wafer obtained in the example 1 as seed crystal. This 
seed crystal serves as an include angle of alpha= 24 degrees, and an include angle of beta= 0 degree like the 
seed crystal of an example 1. 

[0034] First after giving gas phase etching by HCI/H2 gas to a SiC wafer at 1300 degrees C. the temperature up 
was carried out to 1500 degrees C, material gas (silane: SiH4. propane:C3H8, etc.) was introduced, and growth 
was started. By the chemical-vapor-deposition method, after growing up 4.6 micrometers of n mold SiC buffer 
layers of effective donor consistency 3x1017cm-3-4x1017cm-3, 12 micrometers of n mold barrier layers of 
effective donor consistency 1x1016cm-3-2x1016cm-3 were grown up. In addition, n-type conduction nature 
control was performed by adding nitrogen gas during growth. The main growth conditions at this time are as 
follows. In addition, all flow rates show the value converted into reference condition. 
K!y!77J9: SlHtiSS 0.30 cm^/min 



C^Haii^ 0.20 crnVmiD 

NsSKS 6x10'' CMVnin 

S18KS 3.0 1/mln 

smm& isoot: 



E2SSEM 



0.50 cn^/niia 
0.50 cn'/iDiD 
2x10"' cmVmln 
3.0 1/min 

isoot: 

1805)^ 



[0035] When the front face of the SiC single crystal grown up on this condition was observed under the 
differential interference light study microscope, it became clear that it considered as the mirror plane condition. 
Moreover, when KOH etching estimated, it turned out that the micro pipe and the stacking fault have not arrived 
at a front face. 

[0036] In the [example 4] example 4, the same seed crystal (the include angle of alpha= 24 degrees, include 
angle of beta= 0 degree) as an example 1 was installed on the susceptor which carried out SiC coating, and the 
SiC single crystal was grown up on this seed crystal by the chemical-vapor-deposition method (CVD method) 
within the reaction. After giving gas phase etching by H2 gas to seed crystal at 1800 degrees C, the temperature 
up was carried out to 2100 degrees C, material gas (silane: SiH4, propane:C3H8, etc.) was introduced, and growth 
was started. The growth conditions are as follows. 

SiH4 flow rate 50 cm3/minC3H8 flow rate 30 cm3/minH2 flow rate 10.0 l/min substrate temperature 2100 
degrees C [0037] Under these conditions, the SiC single crystal was grown up until thickness was set to 35mm. 
When the front face of the SiC single crystal grown up was observed under the differential interference light 
study microscope, it became clear that it considered as the mirror plane condition. Moreover, when KOH etching 
estimated, it turned out that the micro pipe and the stacking fault have not arrived at a front face. 
[0038] As mentioned above, although invention made by this invention person was concretely explained based on 
the operation gestalt this invention is not limited to the above-mentioned operation gestalt. For example, the 
crystal growth equipment for growing up a SiC single crystal is not restricted to what is shown in drawing 1 , in 
addition various things can be used for it. 
[0039] 

[Effect of the Invention] As explained above, the micro pipe and stacking fault which a micro pipe and a stacking 
fault hardly expose the SiC single crystal of this invention to a front face, and are exposed to the front face of a 
SiC single crystal according to the growth approach of the SiC single crystal of this invention can be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the crystal growth equipment for growing up the SiC single crystal of 
this invention. 

[Drawing 2] It is drawing used in order to explain the exposure of the seed crystal used by this invention. 
[Drawing 3] It is drawing showing the micro pipe in a SiC single crystal, and the condition of a stacking fault. 
[Drawing 4] It is drawing used in order to explain an include angle beta. 
[Description of Notations] 

2 [ — A coil, 10 / — A high frequency coil, 15 / — A raw material, 20 / — The seed crystal arrangement 
section, 30 / — Seed crystal, 30u / — A seed crystal front face (exposure), 40s / — A seed crystal side face, 
40 / — A SiC single crystal, 40 u — SiC single crystal front face, 42 / — A micro pipe, 44 / — Stacking fault ] - 
- Crystal growth equipment, 4 — Crucible, 6 — A heat-shield member, 8 
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(57) [^$^1] 

T. (000 1) mzmLXfkma (20° <a<60 

• ) tzii-r*i. ao. (o o o 1 1 

mtz^BLtz^<? h;u<k< 11-2 o>:^[Sit<7)'S-rft 




30 A< 



a (54.r) 



..[1120] 
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(0001) 
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t»*« 1 1 Si cmj^a*fi£S*-ti--6*ji-e<feo 
1000 1) mizfiLZnma (20° <Qr<60° ) 

f£ifr*t, ao. -troii^'<^7 h;u$ (o o o i } ®i- 

^BLtz^^ hJi'tK 1 1 -2 0>:^(a]t(D^f-rftJti8 
[»3j5ll2] MfBftSal*. 2 5° Jii±5 5° JUTT' 

4$@{^-r-&iff^]ai3^(^m^^2SBji£a)s i cmm^oi 

itmm^} iirp'K(Diti@F*9icfjtBfii^g^igsL. 
MiBJ&iawcs i cmn^^^^m^i±xwsumm^± 
(zgJiiBs i cm^^B^mmFB^-it^zt^^mtr^m 

~l**S3<D5*.^5I4^A^-^IBtt^DS i cmsKS 

[lff3R«5] J5{£;^l^lcMtBai^|g$lSllL. MSBiS 
f&Jpi^r-<b¥»4Sit«;i I- J: o TfifBa$S^B±icfjifi s 

6 1 1 ~»*Ja 5 © 9 ^fir;KA^-«8B 

tt<DS i C*^SB^a(7>^S:^;il-<fcyJ5ES*-B-e.*if=;i<»: 

[000 1] 

[0 0 0 2] 

[fiE^roftffi] ifi^. mitim (s i c) fc^L^l*s^b 

:b'U'l7A (GaN) ^a>S7cm-C«JiE$*V-S^b^!fe¥ai 

i^ics i CI*, cro-^-f K/^>K^•v•yz^<D^#a$sA^ 

t>. ^^^x;^;^4^-A<^L^t=i^». s i co<b^!^i*. ^ 

mn-ciiisaicLTtii^-y-r. vu=i> (si) ^f,»: 

[OO0 3] /^;u^?«©s i cm$sa$filS*-t*-S:^;£ 

i:Lri±> iftl^BSms 9-4 8 7 9 2-i-^^-^!Hg^¥2 
-3069 9#^$SI-a«^FtlfcL^^7f^)'l.gjtfiM^— 'J 



-,^*<fll^>4^rL^€). croastfiSLx— 'J— issia! 

[0 0 0 4] ccDaaSu— 'J-;t$i*i:4t»t-r-St^+> 

loool) S^SajS-ti-fcs i cm$Sa»ffiA<fiEffl$ 
*vrt^€>. UA^L^fji^e.. {0 00 11 -cfes 

S i C^I^S»1S$fflL^TS i cm!^S^il6S$-tJ-^ii 

•V'T-i? □/^'r::''<tL>-5<o 0 o 1 >$ft:^iS](csi/'5 
^BSA<*i^S(D«®(ciiJjg-r-i)fc«6. COS i cmSSS 

[0 0 0 5] z<D-7^<pD^uzfizm-t^mmimm^ 

^tzlf><Dti.mtL-C. ^;^li*#rFm2 8 04 8 6 0-§-ti;t 

■So CO:^;4li. flSS^airLr (000 1) ®J:y6 0 
• -12 0° <7)ftSay£lt-r*tt=^B^BH*Btb$-t±/iS 

11-10 01 {1 1-2 01 ®$saj^?i*fcs i 
[0 0 0 6] 

[f§BJA^«;:ftLJ:5i:-r^S«i] LA^L'SA<t.. mm 
2 8 0 4 8 6 0^^^|Cti«$+lfcS i Cmi|iSa<DJ$S 

•yK(b) (2 O 2-§-1 6 3M~ 1 7 5M1 9 9 7^) 
lCfcL^rj£'<rt^i)J:•5(-. {1-100} Sfc•5t^l* 

{1 1-2 01 sA^sdiLfcs i cmmsk^mm^tL 
*fflL>*ii^i:ii«ic. y-^^msiE^A^fi^-r-sfc^-^i 

[0 0 0 7] *^BBIi. A^A^^»tflC^^^r^^^F^^y=t 
[0 0 0 8] 

[ss^pj?i-r'Sfcto(7)#ig] ±iB^s^s;;?i-r4fcto 

r, (000 1) vS\ziiLxnfS.a (Z0° <a<60 
' ) tzif^H, R-D. t<Omm^<? h^U^ {000 11 



(3) 
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[0 0 0 9] *fBWI=<S*s i cm!lSSa>BES:^}£f::* 
tLlS. C(D<l:3^^®^Stb^■d■fcfl^SB^B^fflL^i)C<^ 

r-, <ooo 1 >:^iS]icj2i;-g>V'r^7P/W3''^f>c(D< 
0 0 0 1 >:^(Sji:SS'S®ic/£A<^ajl^Biiis i c* 

®icsi]a-r i>^Hi ^fflifd-r i) c t A^T' # ^ „ 

[0 0 10] t.fz. ^m.a\t. 2 5° 1U±5 5° WTT 
$)4Ci:A<»^L<. ^Jt/SI*. 10° Jaf^t?fe^Ci: 

[0 0 1 1] $f>lc. *f|BJ|c^^S i cmi^B^BCDJSS 
S^S!lSS^F■|^•■5w^:7!)<»*Lt^, Sl£*Prtlca 
[0 0 12] 

[fiB^ronffioff^^l mT, a#gis$#BBLr, 

LT*><o m7!Af5mt t ] . «^:^i>il*< >, <iSiJS 
Sfe?:(DMlrft-^$#lt5Ci:lz-ri) = 

[o o 1 3] mi li. ^-mmmos \ cmi^ai^^iEfi 

*-B-^fc*bfl>*SSfi6S^S2^ni-rSr®0T-fe'i)o ^SS 

HI-#lHl^?^t-5>i: i: tl-l»lS4 $*Pf^-r-|)fctf)0)ajajK 
a'T^H Oct, A''t)tSJiE^tLTL'»'S„ SSEtSOT 

fc«)<D**XSA§1 2 3!)<:ft'Jf $*L, J5JC't8 0)JSgpi= 

li, 5F;ttt**;^^*i-giu=»aj-r-5fctoa>**;^»aj©i 4 

[0 0 14] tBl®4li, ^JSnSHJtt^^CLTS i C# 

iesA''t>'S-sisi4i 5^iR§-r-5«R§a5i et, c©«ix 

#SP1 6a>±§pgf1P^itih-r^Mg|5l St. MgPl SIC 
S2 y <^ It t.+L-5 1 1 1 l::fI$SS 3 o A<lSSl-@S $*tfc 

[0 0 15] iicT. @2$#gsLr. *sitteff$^«)a 

j3S3 0(coL^rlttBj-r-5= I^Slc^-Tct-pl-, fli^S 
SOirLT. (1) (000 1) ®(z*tUr^JSa (a = 



5 4. 7" ) tin-fix. MO. (2)-tfl>J£^'<^ h;ux 
^ 10 0 0 1) ®lcSi^Lfc^^7 h-;UYi:< 1 1-2 0 
>ro-ot?fc-S [1 1-2 0] :^.ia]tA<^^Ti:'Ei:-SS3 
Ou. *<8tBLfc4HM^'J^''< ( "H" liA^S 
"4" l*ll^WJSA<4)iT— ra»it^f-6lgS«lit$ 

[0 0 1 6] ;.»ic. g| 1 ~1I4^#P.LT. s i cmjS 

[0 0 1 7] ISI41 5fcJ:I/ailSS3 0^J|RSLf=«ia 

4^J5JSg8P«5lC^SLfc^. SCE:g8P«9^Jiitl1 8#rB^IS 

SALrSJt;l=8rt^SJ± (SiDi . 0 13xio5p 
a) ic-rs. ^-LT. St;StE©8rt5$tl1 0«-l5t'K 

SSfmufc^. ^fXaJSAt l 2J;y^;Stt:«-X^«AL 
TSJS:'i=8F«9^IIJS:^JE (S^l . 013xlo5pa) 

[0 0 18] JJl±<Df^SIA<flTLfc{fe, S;S5K3'f;H 
0l=J;o-Ct&l®4^»a^L5&4^)^o C(D[g. 1«1S4<7)S 
S^$t)2 O O O-Clc-r-St <!:4,lr, flfiiS^S 0(Dj£SA< 
/l*4l 5<D;SSJ:y tifetis 0°Cfc*lt15 < ^fi) J: 7 l~;gJt 
^glS^olti), |^B#(c. SJE;e8rt(Da*^Sis5)5. 3x 

1 o2p a ^T'^gT^t+'So C;h-lrj:y, s i C^JISb^b 
A^f>'JC'5Il*4l 5A<»»L. J1*41 5a>**XA<aJSSa3 

oiisjisur, Ei3i=^-r«i:5ic. aiessoos® 

(StBS) 3 O u±lCi£@Sii{j2-<:/^0 4HS7Ky ^i-f 

fo\ s3(cfci,Nri*. f6i^«7?3g^^^^ic-r'Sfc«fe(^a 

!eS3 0(0±:^|CS i C*$gS4 0^^4S^F■t^■TL^•S 

Sl^l*. 01 A^t.»*^-5J:5lcaiKS3 0OT:*Iz 
S i Cm$SB^4 0A<^«-r*o 

[0 0 1 9], CC-C. H3 ^#MLr. S i cmi^S4 

oo^sise^pui-r-s. iiiir. s i cmi^s^jiS::^* 

■fr-Sl-RlLT, <ooo 1 >:^ia)(zMu:i>^'f'i7P/W 
::^-V>. <o o o 1 >:^3[pii:SigJt£®iri£A<^«ji:5cK57!)< 
S i C^i^S<DrtgPlr#^+l,Sc^:A<^l^o -eLT, ^ 

[0O2O] ZZ-e. 2^ISSgffJffi(DJ:5l:i, (1) (0 0 

0 1} m~ny.xnma (ff = 5 4. 7- > fc*itr*v. 

Mo. (2)-?-«D;i$I'<'J' h-'UXS^ (000 1) SIcS^ 
Lfz'^^ h-'UYt< 1 1-2 0>C0— O-Cfe-S [11- 

2 0] :^|S]tA<¥tTi:^C-5®$^ai$#fca$^B^B3 O^ 
ffll^^xt. a^HS 0(Da®3 O u(*. ■7'f ^7 0/'?-f :f 

4 2 im^—^ms^vm-t) A<si;'5<o o 0 1 >:^ifi] 

|CJ^LT$^J3 5. 3" (DM^^^-r-BCtlZ^f^o CCD 
fctf). fc^^SS i cm$SS4 0^«S^1i-i)<t. v-f 
^□/1'r:^4 2I^S i Cmigg4 0(Dfflia4 0 siCSIIS 
^-f D/nW :^4 2A<$®4 O u(cSil31-r-5)»S^ 
ffllflJ-r-SZctA^-e^^^, t-tz. ai^S3 0CDSH3 O u 
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*7*,<0 0 0 1 >:^lfiltSiItCSlCS^LTJiiD5 4. 7* 

ae^iPfi4 4iis i cm^rB4oa)fiij 
a 4 o s iriijii L. mm^m 4 4 4 o u i^nja-r 

[002 1] 1 9 9 6^lr^ft:)^^fcv^'JT;^ • 

v-jf 4 2 3^5 8 3Ha)^$uU'=>a)lftXlct**^^rt^<s 

(0 O 0 1 ) ffiA<SS(-^*tfcaiisSS$fflt^r 
$g^aiiE:S$-e-41i^s < 1 1 -2 0>:^|Sj(i< 1-10 

0>:^[S)iritKTfiEfiiiSA<iI<, »t.;txfc!^Si*< 1 
1 - 2 0>:^[SiA<ig^|c^i:^/cA^lttt^P-5Ml=]l=^C'i). 

h^uY^ [1 1-2 0] :^iait3}i?f(c-rsci:-e, -7 

■^<7ayUZf4ZRUmmilim^4ii<S i Cm^^B4 0 
(7>ffliJffi4 0 s lC[SjA^oT]li;-S)5SJSA<li^DL, ^kEcDSI 

iS0iiic^$tL^*-5ics i cm$ss4 ocDas4 o uiz 

[0 0 2 2] )tCfc\ fkfS.alt5 4. 7° (C|lC,+L-r. 2 

o" <a<6o- ^mtzitit^i'^o '^iSEommmA^ibt 

^J-A^€.<J:5lc. nmati<ZO° UlT-Vlt^-f <7 a/U zf 
4 2A<S i cm$g^4 oa>fli]S4 O slc3llf-r. ^ma 
A^S 0° Ja±T'l*SIJl^PfS4 4A<ffliJS4 0 slCil(f^fL^ 

*fc, 1 9 9 7^ro7-f ■ x-T-f 

X-V'J-yK(b) 2 O 2^S5MI-a^3?4^TL^■5J:3 

ir. v-i''>n/\V::^tt!gv-rLt<ooo 1 >:^fa]lcai/ 
ftSal*, if$L<l*2 5° W±5 5° JilTI--r i) t <fe 

AzjBLummxmA 4a<s i cmiiis^4 oa3fflijH4 o s 

[0 0 2 3] $fc, 04«C^-rj:3lC. ^-J/h/UYt 

t1 1-2 0] y5\S\tlt£^rLtWnX'^^>£'-Wl±tji 
<. il*(DFBl(D^)S/S*<l 5° JiH^-trfc^Hlictt^ ^® 
jSA<l 5° Jill*ifIS-TrfctLlS. ^'T^n/'^-f :^4 2&i; 

«@^IR84 4A<S i Cmjga4 0a)ffilJ®4 O sfr|^lA^■D 

1*1 0' feirtT-fc+i(#. ^RBSJt*-««M*-a-«>::i: 

<4 t1 1-2 0] i:(DK5ftJt;8 t LrL^'5A<. 
(4<1 1 -2 0>lc#^;h-^)te<7)<lSiJ:^<i<h(DFBl$^Jt 



[0 0 2 4] /jrfc, ±Bmmnmvit. l^*>^*■s^ll5£ 

[O O 2 5] 

[0026] [iii£0ij 1 ] mmm i t-i*. sot 

LT. ^Iffiar=24* T« /S = 0' 0!)4H-S i cm^iS 
S^ffifflLfco -e-LT. SS51'8l*ilc^jgtt:'3X^SA 
Lri±:^D$^$^ 1 . O 1 3 X 1 o5p a lcej#L, 11^ 1 
5fl>igS$iii-I2 3 O O'ClZ-thtt^lzmt^^S OOi^ 

m^tfsz ^ 7 o'^lz Ltzo C(D<fc5(c;i;|±-rMJSi5S$ 

^T 5 C i: ir J: y . 3iiSB^a14CDSL>!^^aA</iE*-r i. C i: ^ 

3 X 1 02p a*-(?TlfT. flSisS^S 0±(Citg2-r> 
^roS i C*!!gS4 0$/^;U-^J5ES$#fc. ^(Di^W 

[0 0 2 7] CCD<fe3l=LTWt.;h.fcS i C#i^^4 0 

■Cl>-5^iA<*iJIBLfco $e>l-. S i C*l|gS4 O0!)/< 
^Ji:$$t)3 3 Ox/mCD'l^X/NtfelCX^-1'XLfc^. 

[002 8] immm 2 ] mmm zx-a. mm^B sot 

LX. f^S.a = 30° -C, 0 = 5' 06H-S i 
S*fiEfflLf=o -tLT, SlB;e8rt(0E*^*«l3. 99 
X 1 03p a L. 11*4 1 5a);SJS^*?)2 4 o ot; 

\z-ri>ttt{zm^^a3o<D}SLm.^mz 3 5 o°c(cl 
r. fl«^B^3 o±icit@2'r>^a)s i c*j^b14o^ 

/<;U^j!ES$-a-fco Crot^WfiESJSJSJ*. O. 7mm 

/h-c&ofco ^LT. sis^ji tmmiz. s i cm!is 
S4 oOT/Ou-j^^x^'Tx LT'^x/N^-itML, za^-y 
ji/\izjL-y^>'y'mm^mLxmmLtztc^. v-r^? 

[002 9] ^h>{z. rnke^-^ (0° ) irLf=^ 

fco ^W6l5JSOif<l(c(*. 5 0o''c<omM7Kmit±')'y 
Ar-1 0:«>F^X'v5^>'>-LT?a4xfc5t«. gStt. &u:< 

tiis^(o±xcr>xm^%es.Ltzo uti. ii^aicii4H 
-s i c^^mLtz, 

[S1] 
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/xrlniQiS. \ \^ 111 / 
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[0 O 3 O] « 1 A^e>. ftgaA<2 5° (Sil6)lil± 
■rnf*:>*.2 0° J:yt,:'c:^<. 5 5° (311^12) JUT 

[003 1] ^IC. ft^cr^-S (30') IcLfc^ 



[S2] 



^HN o . 


nm.f3 (- ) 


^RB25S (cm-^) 


1 


0 


0 


2 


5 


0 


3 


1 0 


5 


4 


1 5 


1 0 


5 


2 0 


2 5 



niS.a= 3 0 

[OO 3 2] «2ANt>. «Si3A<1 S" (Iiei4) Jii 

[ o o 3 3 ] [Sis^j 3 ] mmm z i -nm 

t.tLfcS i C';7X/\^|IJiiSai: L-Cffll^s ■ft^mfflit^ 

= 24° , f^m$ = 0' tU-DXl^^o 

[0 0 3 4] ^-f , 1 3 O 0°CT?S i CO^^/M-H C I 
/H2*'X(zJ:SSi*ix-y5^>if^JgL.f=*. 1500 
"CIC^SL, 11*4:^":^ (v^^ : S i H4. :^P/^> : c 

K:^— ^JS3 X 1 0l7cm-3~4 x i o17c 
m-3fl)nMS i C/^':;7t)1^4. 6 a< mfig^$-t*f= 

K:^— 1 X 1 o 16 c m-3~ 2 x i o 16 c m 



/^yyrM: SiH,8Sa 0.30 cnf/miii 

0.20 cm'/niiii 
6x10-' crf/min 
3.0 l/niD 
1500"C 

m» 

0.50 cm^/min 
0.50 cn'/nln 
2x10-' cm'/min 
3.0 l/min 
1500"C 
^SS^m 180^ 
[0 0 3 5] C(D^<4^t?/5ES$-B-fcS i cm!i3S(DSS 

10036] tSS£«lJ4] sj£«y4-ci*. ^Si««1 
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»05a«ss (fkma=zA' , n&0 = o' ) $s i c 

(CVD;4) t?C<DfljSS±(CS i c^SS 
S$JjES$1±fc. 1 8 O CCT'SigSlCHa^'XI-J:^ 
Sl4ix«:;f^i/y^«5Lfc^, 2 1 O Otlc^SL, 
**X(->5> : S i H4. ^a/^> : CsHg^f t*) $3IA 

SiH43aft 50 cmS/min 

CaHsSaS 30 om3/min 

HaSiES 10.0 l/min 

Sffi;Sit 2100''C 

[0 0 3 7] C(7>^i*0)TT% »$A<3 5mm|r>S-SS 

iciua L r l^ C <!: *<»Av o o 

[0 0 3 8] fet±, :$^mm%\Zi:r>XU^JlxtzmBM^m 

[01 ] 



[0 0 3 9] 

[0@<D^m7'cEi$tBj] 

[Si] *^Bj(Ds i cmsKs^j5£s$i±-i>fcto<Disa 

[0 3] Si cm^^Bf^co^ <p DyU ^isiiXSmm^ 
[04] imm-t^fztbizmi^fzmv^i,o 

-RJSe. 1 O-jSS^iKn'f^U. 1 5-11?^. 2 0-3 

JigSlHMSIS, 3 0--fflSS^B. 3 O u-fIligrB«® (SaU 
®) . 4 O s-'-a^^W®. 4 0-S i Cm^^. 40 

u-s i c^$g^as. 4 2" -7-<'j;a/W;:^. 44- 



[02] 
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